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Background: Aim of the present study is to analyze the demographic and anatomical 
details of the Huschke’s foramen (HF) which are not previously studied and to present a 
new clinical perspective.  
Materials and methods: MDCT (Multidedector Computed Tomography) images of 495 
patients obtained were retrospectively evaluated. Presence of a HF, its’ size, relations of it 
with side, age and gender were noted for every patient. Size of the foramen was measured 
in the axial plane, as well as on the reconstructed coronal and sagittal planes. 
Results: Of the 495 patients 99 (20%) had HF. There was no significant difference 
between females and males according to the presence of the HF and the side of the HF. 
When the dimension of the left- and the right-sided HFs were compared, there were no 
significant differences on none of the axes for the patients with unilateral or bilateral HF. 
There was no significant linear correlation between age and the dimension on axial axis, 
the dimension on the sagittal axis and the dimension on the coronal axis 
Conclusions: The present work presenting morphologic and statistical variables of HF 
provides a data for further studies which will indicate risk factor of herniation through HF. 
By the aid of MDCT which is sensitive for detection of the HF because of its thin sections, 
high spatial resolution, and multiplanar capabilities, lesions which were previously 
diagnosed as dehiscence were found to be defects. 




Huschke’s foramen (HF) is a developmental defect located on the antero-inferior 
wall of the EAC (external auditory canal) and communicates this canal to mandibular 
fossa. HF was first described by German anatomist and embryologist Emil Huschke in 
1844 as ‘Incisura meatus auditoria externiossei’ 15,16,20(Fig. 5). 
At birth tympanic plate is U shaped incompletely developed structure. At the first year of 
the life two ossification points, one anterior and one posterior to U shaped bone grow 
towards each other and fuse. Tympanic plate ossifies and closes around the five years of 
age. Incomplete fusion leads a persistent HF5,6,11. 
Incidence of HF reported in the literature varies in a range from 3% to 25%.  
Patients with HF may be asymptomatic or may suffer from otalgia, otorrhoea, mastication 
induced tinnitus, malocclusion and clicking sense during mastication. Moreover TMJ 
(temporomandibular joint) herniation from HF may lead conductive hearing 
loss2,4,13,15,17,18,21,23. 
Otorrhea in patients with HF may develop due to salivary fistula between parotid 
gland and EAC7,18. Clear discharge induced by mastication due to synovial fluid flow 
through a fistula interconnecting TMJ and EAC is an another cause of otorhea. HF may 
present with the drainage of odontogenic abscesses and infectious or tumoral spread 11. 
Medical conditions such as persistent otorrhea, otitis externa, pain, hearing loss, tinnitus, 
malocclusion are surgical indications and can be treated by grafts such as fascia, cartilage 
or miniplates. Conservative therapy options consisting of an anxiolytic, muscle relaxant, 
and soft diet are also defined in the literature 23,30. 
In the literature, there are radiologic, cadaveric and clinical studies examining HF. 
In this study, we aimed to define the prevelance and dimensions of the HF in living 
individuals based on objective data of MDCT images and evaluate the differences related 
to side and gender. Preoperative detection of HF is an advantage for surgeons to avoid 
complications. The results of this study will be especially useful forsurgeons dealing with 
otorhinolaryngology.  
 
MATERIALS AND METHODS 
This retrospectively planned radiologic study  was carried out in Ankara Yıldırım 
Beyazıt University Medical Faculty. MDCT images of 495 patients obtained for head and 
neck pathologies from 2019 February to 2020 January were evaluated in the radiology 
department. A senior radiologist (H.Ç) analyzed the MDCT studies. Patients with history 
of head trauma, cholesteatoma, mandibular or temporal bone fracture, previous ear surgery 
and TMJ surgery and those younger than 5 years were not included in this study. The age, 
gender and side related changes for each measure were statistically analyzed. 
All CT images were obtained using a 128-MDCT scanner (Revolution EVO, 
General Electrics Medical Systems USA) with 0.312-mm collimation and a 512 × 512 
matrix. Transverse scans were acquired in a plane parallel to the orbitomeatal plane in the 
helical mode with 140 kV, 280 mAs, 1-second rotation time, 0.625-mm section thickness, 
beam pitch of 0.531, and field of view of 180 mm. The obtained image data were stored as 
a DICOM file and were transferred to a workstation then the CT post processing 
workstation was used for multiplanar reconstruction (MPR), and the main rows of coronal 
and sagittal image reconstruction was performed. These images were displayed at a 
window center of 500 HU and a window width of 3000 HU. For every patient, we noted 
the presence of a foramen, its size. We measured the size of the foramen in the axial plane, 
as well as on the reconstructed coronal and sagittal planes. 
Ethics committee approval was received by Ankara Yıldırım Beyazıt University Medical 
Faculty Clinical Research Ethics Committee. (Decision number: 26379996 /128). 
 
Statistical analysis 
The distributions of age and the dimension of the HF in axial, sagittal and coronal 
axes were examined by Shapiro-Wilk’s test and normality plots. Age was summarized by 
median (min-max), while both mean ± standard deviation (mean±sd) and median (min-
max) were assessed for dimensions. Frequency and percentage (%) were reported for 
gender and side.  
The males and females were compared with respect to the presence of HF and its 
side by Chi-square tests. The dimensions of left- and right-sided HFs in axial, sagittal and 
coronal axes were compared by the independent t test in the patients with unilateral HF and 
by paired t-test in the patients with bilateral HF. The correlation between the age and 
dimensions were analyzed by GLMM with random slope for sides to consider the inter-
individual correlation between the dimension measurement. Spearman and Pearson 
correlation analysis were performed to evaluate the relationship between the age and 
dimensions of the left and right side HFs, separately. A p value<0.05 was considered as 
statistically significant. 
All statistical analyses were performed via IBM SPSS Statistics 22.0 (IBM Corp. 




The median age of 495 individuals was 37 years (min-max:14-76). Approximately 
forty-five percent of the individuals (n=221) were female. Twenty percent (n=99) had HF. 
Out of them, 43 (8.7%) had on the right ear, 35 (7.1%)had on the left ear and 21(4.2%) had 
bilateral HF. Of the females, 20.8% (n=46) and 19.3% (n=53) of the males were shown to 
have HF (Table I). There was no significant difference between females and males 
according to the presence of the HF (p=0.684) and the side of the HF (p=0.124). 
The mean dimension of the right-sided HFs was 3.36±0.74 mm on axial axis, 
3.48±0.79 mm on sagittal axis and 3.17±0.73 mm on coronal axis. The mean and median 
dimension of the left-sided HFs are given in Table II.  
When the dimension of the left- and the right-sided HFs were compared, there were 
no significant differences on none of the axes for the patients with unilateral or bilateral 
HF (Table III).  
The GLMM procedure resulted in that there was no significant linear correlation 
between age and the dimension on axial axis (p=0.983), the dimension on the sagittal axis 
(p=0.923), and the dimension on the coronal axis (p=0.982) of the HF. When the 
correlation between and the dimension of the HF was evaluated for left- and right-sided 
HFs separately, the results were the same (p>0.05). 
 
DISCUSSION 
We encountered many publications in the literature in which HF was analyzed by 
different research techniques based on methodology. Wang et al found the prevalence of 
HF 7.2% in their osteological study on 377 skulls 29.  Bhanu et al presented 38% percent 
HF prevalence but the materials included in the study consist of skulls and single temporal 
bones of unknown sexes and age which do not serve an accurate data to evaluate 
demographic statistics [1]. Jakub et al compared radiologic and osteological studies and 
concluded that HF is more prevalent in cadavers (21.2%) than in radiologic studies (8.8%) 
but their results are not statistically significant 19. Osteological studies contribute 
valuable data to literature but to our opinion exact demographic data and dimensions of an 
anatomical feature are well defined on radiologic images.  Besides skull collections do not 
reflect single population and proper dimensions of an anatomical feature may not be 
claimed clearly due to possible trauma injuries. Age, gender, size and side related 
differences of bilateral structures are properly presented in radiologic studies (Table I). 
Tucunduva et al. reported HF prevalence 12.7% in their study including 150 
patients’ Cone-Bean Computed Tomography (CBCT) findings 27. Wang et al. reported 
prevalence 0.45% in osteological study performedon 377 dry skulls 29. 12% frequency 
was reported by Hashimato et al in their study including 997 dry skulls [8]. In CBCT 
studies of Deniz et al. (200 cases) and Tozoğlu et al. (207 cases) prevalence of the feature 
was found 11.5% and 17.9% respectively 3,26. Our data included MDCT findings of 495 
patients and the prevalence was detected 20% (Table I). Prevalence of HF in our data is not 
in consistent with the previously reported prevalence range in the literature. Because of the 
highly qualified technical details of MDCT device smaller lesions which were previously 
misdiagnosed as dehiscence are proven to be defects. To our opinion high prevalence 
found in the present study is due to advanced technical details of imaging. Besides larger 
patient number is an additional value of the present study particularly showing the 
accuracy of descriptive statistics.  
Present study serves a scientific data to literature by presenting morphometry of HF 
and its’ relations with side, age and gender. We measured dimensions of HF in three axes 
to reveal accurate sizes of this anatomical defect (Figs. 1, 2, 3, 4). Of the three axes, 
coronal diameter which is found to be the least one was not measured in the previous 
publications. Alexis et al. identified the foramina on axial images and confirmed their 
existence on coronal and sagittal reformatted MDCT images in their study consists of 102 
cases but they only presented mean size was 4.2 mm in the axial plane and 3.6 mm in the 
sagittal plane. No attribute to coronal measurements was encountered 12. 
Dimensions of an anatomical defect have critical importance to prevent potential 
complications and should not be measured in one plane. During TMJ arthroscopy, 
endoscopes with diameter smaller than 3 mm may lead tympanic membrane perforation, 
incus dislocation, salivary gland fistula and facial nerve damage by penetrating into the HF 
[6]. Van der Meer concluded that spread of necrotizan external otitis (NEO)from EAC to 
surrounding structures is associated to the increased size of HF 28. They performed their 
study on 39 cases with NEO and classified the HF as subtle, mild, moderate, or extensive 
dehiscence according to maximum width in the axial plane. Diameter of HF was measured 
only in axial plane in the mentioned study. In our study HF was analyzed in 3 dimensions 
and coronal diameter was found to be the smallest one (Fig. 4, Tables II, III). Misleading 
point of mentioned study is that the coronal diameter not included in their study is the 
smallest one. Besides, HF was classified into four groups according to the axial diameter. 
To our opinion measurements taken in a single plane are not scientifically appropriate 
when making a classification based on size. 
Size of HF is reported to be an indicator for herniation but we did not come across a 
study in the literature indicating a cut off value for any diameter of HF which is more 
likely to allow herniation Mittal et al reported that herniation is seen in one fourth of the 
cases with HF and is directly related to size of HF 15. Shapiro et al reported that 30 cases 
with herniated mandibular condyle into EAC were reported in the international literature 
23. However least size leading herniation is not presented in both publications. 
Prospective case series having the patient open and close the mouth while performing 
MDCT will show the displacement of tissue, which is critical for the diagnosis of the least 
HF diameter leading herniation. Studies with two stages of radiologic imaging with open 
and closed mouth will enlighten cut off value of diameter allowing herniation. Besides it 
will lead physicians to make the right decision between conservative or surgical treatment 
options. Although our study has a limitation from this point of view, it can inspire future 
studies.     
Herniated tissue of TMJ through HF may mimic a mass and narrows EAC 28. 
Acquired or congenital stenosis of EAC leads conductive or mixed hearing loss. 
Differential diagnosis of mass in the EAC leading stenosis consists of exostosis, 
cholesteatoma or osteoma 14,22. Although herniation of TMJ through HF is a rare 
condition radiologists may encounter with this issue in daily practice 24. Once this lesion 
is encountered accurate differential diagnosis requires radiologist to be well experienced. 
They should take herniation into consideration when evaluating EAC pathologies. With 
mouth opening, forward movement of herniated tissue of TMJ leads a normal appearance 
of EAC 23. It must be kept in mind of surgeons and radiologists to a correct preliminary 
diagnosis. The present study presenting morphologic and statistical variables of HF 
provides a data for further studies which will indicate risk factor of herniation through HF.  
 
CONCLUSİONS 
The present study contains complementary data on the missing points of 
publications in the literature. It is performed by an experienced radiologist on MDCT 
which is sensitive for detection of the HF because of its thin sections, high spatial 
resolution, and multiplanar capabilities. All demographic and morphometric details are 
revealed with the highest number of patients examined to date. To our opinion, the  study 
that would be scientifically valuable to be done in the future is a prospective study that 
presents cut off value of coronal diameter of HF leading herniation. Present study gives an 
idea about risk factors of herniation for the suggested future study.  
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   0.684 
Absent 396 (80.0) 175 (79.2) 221 (80.7)  
Present 99 (20.0) 46 (20.8) 53 (19.3)  
Side    0.124 
Right 43 (35.4) 25 (54.3) 18 (34.0)  
Left 35 (43.4) 13 (28.3) 22 (41.5)  
Bilateral 21 (21.2) 8 (17.4) 13 (24.5)  
 
 
Table II. Dimension of HF in three axes 
Size (mm) Mean±SD Median (min-max) 
Right (n=64)   
Axial 3.36±0.74 3.40 (1.6-4.8) 
Sagittal 3.48±0.79 3.60 (1.9-5.0) 
Coronal 3.17±0.73 3.30 (1.5-4.3) 
Left (n=56)   
Axial 3.33±0.96 3.60 (1.3-5.2) 
Sagittal 3.42±0.95 3.75 (1.5-5.3) 





Table III. Dimension comparison of left- and right-sided HFs in unilateral and bilateral 
individuals  
 Left Right  





Unilateral (n=35) (n=43)  
Axial 3.45±0.88 3.8 (1.3-5.2) 3.43±0.66 3.4 (1.6-4.5) 0.919 
Sagittal 3.55±0.92 3.8 (1.5-5.3) 3.54±0.72 3.6 (1.9-4.8) 0.993 
Coronal 3.23±0.87 3.4 (1.2-5.0) 3.25±0.70 3.4 (1.5-4.3) 0.945 
Bilateral (n=21) (n=21)  
Axial 3.13±1.06 3.1 (1.7-5.1) 3.22±0.90 3.3 (1.8-4.8) 0.813 
Sagittal 3.22±0.99 3.3 (1.9-4.6) 3.36±0.92 3.6 (2.0-5.0) 0.701 
Coronal 3.04±1.09 3.5 (1.5-5.5) 3.01±0.77 3.2 (1.7-4.3) 0.925 
 
 
Figure 1. Axial CT image of temporal bone. Normal anteroinferior wall of external 
auditory canal (yellow arrows) 
Figure 2.  Axial CT image of external auditory canal. Defect on the anterior wall of the 
bony external auditory canal (yellow arrows) 
Figure 3. Sagittal CT image of external auditory canal. Defect on the anterior wall of the 
bony external auditory canal (yellow arrows)   
Figure 4. Coronal CT image of external auditory canal.  Defect on the anterior wall of the 
bony external auditory canal (yellow arrows) 
Figure 5. 3D image of right temporal bone. Defect on the anterior wall of the bony 
external auditory canal (yellow arrow). Image of mandible is removed.  





